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A Method For Microbial Surface Sampling: 
Development and Applications 
KATHLEEN M. KEE NAN' and MARY M. HALBERT" 
University of Minnesota, St . Paul and Minneapolis 
ABSTRACT - A method for assessing microbial contamination on surfaces is presented, and its de-
velopment is discussed. Further, some applications in hospital and aerospace studies are described . 
Man's interest in the microbiology of his surroundings 
and its potential influence on his well-being has been 
widespread in time and in scope. Florence Nightingale 
( 1860, 1863) recognized the problem of hospital-ac-
quired infectious disease more than a century ago, and 
she associated it with unsatisfactory environmental con-
ditions. More recently, the role of the hospital floor as a 
reservoir of pathogenic organisms has been cited by Wal-
ter and Kundsin (1960). Environmental microbiology, 
however, now encompasses not only medical, but also 
aerospace applications, as will be cited below. 
Concern about levels of contamination in the environ-
ment has led to a demand for quantitative evaluation of 
environmental microbial flora. Accordingly, there has 
been a need for the development of methods and ma-
terials suited to this end. Only procedures for examining 
surfaces will be considered here. 
For purposes of classification, most microbial surface 
sampling methods may be placed in four groups : 
1. Swab methods, in which a swab is rubbed on the 
surface on interest. The swab is then subjected to micro-
bial examination, usually by shaking it in a diluent and 
examining the resulting microbial suspension by means 
of pour plate cultures. 
2. Rinse methods, in which a rinse solution is intro-
duced into the vessel to be studied. After agitation, the 
solution is examined via pour plate or membrane filter 
techniques. 
3. Direct methods, wherein melted agar medium is ap-
plied to the surface under study and allowed to harden. 
Afterwards, resulting colonies are enumerated. 
4. Contact methods, in which a surface of solidified 
agar medium is pressed momentarily against the object 
of interest. After incubation, colonies on the agar sur-
face are counted. 
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Development 
The purpose of the first project (Bond, et al., 1963; 
Keenan, 1964) discussed here was the development of 
a method for studying microbial contamination on flat 
surfaces. A method applicable to walls and floors in the 
surgical suites of hospitals was of particular interest. An 
uncomplicated field procedure was desired, so the dis-
posable contact plate called "Rodac" 3 was chosen as the 
sampling device (Hall and Hartnett, 1964). 
Field trials were performed to assess the effects of cer-
tain variations in methodology on colony counts obtained 
from such plates, and results of these trials were incor-
porated in recommendations for use of the Rodac plate. 
Factors investigated included: incubation method (Kee-
nan, et al., 1965), volume of medium per plate, manner 
of applying contact plates to horizontal surfaces, time 
interval between preparation and use of plates, operator 
applying plates to surfaces, and person enumerating col-
onies. The resulting routine procedure for the use of Ro-
dac plates in the examination of hospital surfaces was as 
follows: 
Tryptone glucose extract agar was prepared from de-
hydrated base medium, with 0.7 gm. lecithin and 5 gm. 
Tween 80 per liter added. 4 The medium was autoclaved 
(15 min., 121 °C), cooled to about 50°C, and dispensed 
into Rodac plates by means of an automatic pipetting 
machine set to deliver 15.5 ml. per plate. After the me-
dium solidified, covers were set in place, and plates were 
inverted, stacked and kept in the clean room for about 
18 hours before use. 
For application to sample sites, Rodac plates were 
grasped with the thumb, first and second fingers and 
momentarily pressed against the surface. Sufficient pres-
sure was applied so that the entire agar surface made 
contact, and a slight rolling action was used in order to 
avoid entrapment of air. Afterwards, inverted plates were 
incubated at 37°C for 24 hours, and resulting colonies 
were enumerated with the aid of a Quebec colony coun-
ter. 
Several patterns of colonial growth observed on incu-
• Falcon Plastics, Division of B-D Laboratories, Los Angeles. 
California. 
' Incorporation of lecithin and Tween 80 was for neuturaliza-
tion of disinfectants possibly transferred from the surface under 
study to the agar growth medium during application of the con-
tact plate. (Quisno, Gibby and Foter, 1946; Weber and Black, 
1948; Erlandson and Lawrence, 1953; APHA and AOAC, 1960; 
Lenhart, Petrocci and Gordon, 1961; Rogers, Maher and Kap-
plan, (1961 ). 
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bated Rodac plates are illustrated in Figures 1 to 4. 
Figure 1 shows plates suitable for counting. The distri-
bution of colonies on the plates in Figure 2 suggests that 
complete agar contact was not attained. The crowding of 
colonies shown in Figure 3 is sufficient to preclude mean-
ingful counting; i.e., colonies are "too numerous to 
count." Figure 4 shows one type of "spreading" colony, 
and also growth along a hair. Detailed directions for the 
enumeration of colonies were formulated (Bond, et al., 
1963). Continuous growth along a hair, for example, 
was counted as a single colony. 
Since inferences were to be made from surface sample 
results to microbial levels ( as assessed by the Rodac de-
vice) of the surfaces studied, random selection of sites 
for examination was required. Surfaces of interest were 
measured and mapped, and coordinate systems were su-
perimposed on the mapped regions (Keenan, 1964). 
Specific sites for application were selected via a table of 
random numbers. 
Applications 
An early application of the above-described surface 
sampling method was in a hospital sanitation study (Ves-
ley and Michaelsen, 1964). The Rodac device was used 
for the examination of floors before and after various 
cleaning procedures. The workers summarized their re-
sults as follows: 
The addition of chemical germicides to the clean-
ing solutions did not significantly increase the per-
centage bacterial reduction after cleaning, and did 
not suppress the build-up rates after cleaning when 
compared to a non-germicidal detergent or to plain 
hot tap water. 
Wet vacuum pick-up resulted in a slightly higher 
percentage reduction than ordinary mopping, but 
the rate of build-up quickly stabilized following 
cleaning. 
This surface sampling method was also used in a com-
parative survey of microbial contamination in the surgi-
cal suites of hospitals of the Twin Cities (Minnesota) 
Regional Hospital Council (Bond, et al., 1964). Work 
rooms, doctors' dressing rooms, scrub and sub-sterile 
rooms, and interior and exterior corridors of surgical 
suites were examined in 23 participating hospitals. In ad-
dition, operating rooms were examined in four of these. 
Surgical suite design and maintenance were also studied, 
in an effort to relate physical features to observed micro-
bial levels. Conclusions of this study included the follow-
ing: 
As revealed by both air and surface sampling 
procedures, doctors' dressing rooms proved to be, 
by far, the most contaminated of the functional 
areas studied. Exterior corridors were next in line. 
Interior corridors, work areas and scrub-rooms were 
progressively less contaminated . . . The operat-
ing rooms themselves were less contaminated than 
any of the other areas. 
The investigators also reported " ... a definite correla-
tion between microbial contamination and how nearly a 
given hospital approaches the 'ideal' design and proce-
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dures situation as visualized by the research team con-
ducting the survey." 
Currently, still in a medical context, the Rodac plate 
is being utilized in the evaluation of a room specially de-
signed for aseptic patient care. The room is equipped 
with a horizontal laminar flow ventilation system with 
absolute filters. Air flow rate, temperature and humidi-
fication are controlled. Preliminary results indicate that 
wall contamination can be held at less than one colony 
per Rodac plate, and floor contamination at less than 
three colonies per plate ( Michaelsen, 1966). 
Surface sampling has also been employed in rooms in 
which spacecraft components are assembled. In a study 
(Michaelsen, 1965) of four such clean rooms, work 
bench tops were examined with the Rodac device. Meth-
odology was as stated above for hospital surfaces, except 
that trypticase soy agar was used, and incubation was for 
43 hours at 32°C (Vesley, Keenan and Halbert, 1966). 
The rooms were ranked according to their contamination 
control features and practices, and bench top flora ( as 
measured by the median Rodac plate count) was seen 
to correspond. 
Discussion 
It should be noted that there has been no claim that 
a surface sampling device removes all viable organisms 
from the site of application. Nor has it been stated that all 
such organisms actually removed give rise to distinguish-
able microbial colonies. Instead, inference has been re-
stricted to contamination "as assessed by" a particular 
procedure. Comparisons of surface sampling data with 
microbial levels actually present on a surface are avail-
able in laboratory studies with artificially contaminated 
surfaces ( Bond, et al., 1963; Keenan, 1964), but such 
results cannot be extended to field studies involving na-
tural contamination. 
Cochran ( 1963), in such situations, distinguishes be-
tween the "sampled" population available for study and 
the "target" population about which information is 
sought. Here, in microbial surface sampling, quantitative 
information about the "sampled" population of micro-
organisms available to the sampling device is preferable 
to a complete void of knowledge about the "target" pop-
ulation of organisms resident on a surface. 
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Factors Determining Great Blue Heron Rookery Movement* 
JAMES M. KERNS 1 and JoHN F. HowE 2 
St. Olaf College, Northfield 
ABSTRACT - The damaging effect of Great Blue Heron (Ardeo herodias) excrement on nest trees 
was determined by observation and Hellige-Truog soil analysis methods. In large heronries high 
chemical concentrations kill nest trees and result in movement of heronry boundaries to o live 
tree area. 
The literature indicates that the effect of excrement 
on soil composition leads to consequent death of nesting 
trees in mature colonies of Great Blue Herons (A. hero-
dias). Roberts (1932 and 1938) reported a heronry in 
Minnesota of several hundred nests in elm and basswood 
trees which had died as a result of their being occupied 
by the birds. He concludes that this condition is only ex-
istent in large heronries. Bent ( 1963) cites a similar ex-
ample in a Maine heronry where many of the nests were 
in dead trees. Young ( 1936) found that the roosting ac-
tivities of a large flock of starlings (Sturnus vulgaris) re-
sulted in damaged White Pine (Pinus strobus); high soil 
concentrations of N03 , P, and K resulted from accumu-
lated bird droppings. 
Young herons deposit the viscid effluent in the coarse 
nest where they stand so that the droppings fall through 
on to the branches below giving a whitewashed appear-
ance to the trees. It is uncertain whether the death of the 
trees is caused by direct contact of the excrement on the 
branches or by the action of leached chemical compo-
nents on the roots; both explanations seem likely. The 
present authors investigated the effect of excrement on 
nest trees by analysis of soil composition. These results 
combined with environmental factors were related to 
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present tree conditions and the corresponding movement 
of nest sites to the live tree or future location (Fig. 1). 
The study area was the Basswood Lake heronry near 
Ely, in existence since 1920 ( correspondence with R. 
Halliday). The first causes of movement were probably 
not directly related to the effects of excrement, but to 
unnatural conditions. Because the nesting trees in the 
early location were cut down, the herony supposedly 
moved westward in about 1947. A fire, reported in 1961, 
burned many of the trees in the same area. In its present 
location the rookery area nests are located only in the 
tops of live and dead Red Pine ( Pin us resinosa). The 
dead pines are beyond the range of the fire and the live 
pines extend SW on a high ridge, an area to which the 
gradual movement of active nesting sites is taking place. 
Pictures taken by C. Ahlgren, of the Quetico-Superior 
Wilderness Research Center, over a 10-year time span 
give evidence of westward movement. Our research in-
volved collecting quantitative data rel'ating to causes of 
this movement. 
Methods 
The studies were conducted on an island 4.5 miles NE 
of the ACM Field Station in Meriam Bay, Basswood 
Lake, Ontario during June and July, 1965. The proposed 
5-year study began in 1964 and included rookery map-
ping into 50-foot square grids, a young bird population 
count, and general observations (R. Grooters and D. 
Werner). 
In the present study standardized soil collection pro-
cedures were used to sample the old, present, and future 
rookery areas. Five random locations in each area were 
permanently marked, then surface litter was cleared 
away. Separate samples were taken from one, two, and 
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